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1. Introduction

The FCC has released a Report and Order and Second Further Notice of Proposed Rulemaking [1] outlining technical rules for operating within the frequency range of 3550 – 3700 MHz in the US.  These rules were summarized in [2] along with a proposal to study in RAN4 how to enable usage of this band.  In this contribution, we provide discussion on how to standardize this band for LTE.
2. Discussion

As observed in [2], the frequency range under discussion for use in the US overlaps with already defined TDD Bands 42 and 43.  Therefore, it is natural to consider whether these existing bands can be used to support this new frequency spectrum usage, what changes might be needed in the specifications, and whether other alternatives such as defining a new band might be more suitable.  In this contibution, we discuss only the UE aspects of supporting the band, denoted as “End User Device” in [1]; moreover, we only consider the RF aspects needed for band definition.  It is our understanding that those aspects related to shared spectrum access and spectrum and coexistence management as described in [1] are extraneous to band definition in RAN4’s specifications.  Consequently, the band should be defined so that it is compatible with incumbent teir users and is applicable to both the priority (PAL), and general authorized access (GAA) tiers.
2.1. Review of technical rules for the UE
We first review the technical rules presented in [1] as they pertain to RF specifications for End User Devices with an eye to mapping these requirements to 3GPP specifications in 36.101.  The applicable requirements are channelization, and General Radio Requirements pertaining to maximum output power, spectrum emission mask, and spurious emissions found in Section 96.41.  We note that these rules are subject to petition for reconsideration.  Therefore, it is possible that some of these rules, particular the ones related to spurious emissions, may be adjusted by the FCC.
2.1.1. Channelization

While the Report and Order (R&O) defines a channel as 10 MHz wide, there are no rules prohibiting SAS assignment of spectrum in non-integer multiples of 10 MHz, particularly for the GAA tier.  For the PAL tier, the authorized usage is defined in 10 MHz channels, but even these can be subdivided by the SAS subject to consent from the licensee.  Given that both PAL and GAA assignments are required to respect incumbent users operation, and that incumbent spectrum may not necessarily be occupied in multiples of 10 MHz, it is reasonable that the 3GPP specification should allow for channels bandwidth in addition to 10 MHz.  We propose that 5, 10, 15, and 20 MHz channels be allowed for this band, which would also maintain consistency with Band 42 and Band 43.  Aggregation of channels is also allowed by the R&O and should also be considered in 3GPP by intra-band and/or inter-band carrier aggregation.
2.1.2. Maximum output power

For an End User Device, the maximum output power is defined as 23 dBm EIRP in 10 MHz.  Given that the antenna gain on the UE is typically less than 0 dB, it seems reasonable that the class 3 maximum output power as defined in 36.101 of 23 dBm +2/-3 can be adopted for this band as the conducted specification.  Of course, it is still encumbent upon the End User Device manufacturer to ultimately satisfy the EIRP requirement for regulatory certification.  The requirement that maximum EIRP is defined in a 10 MHz bandwidth opens up two possible interpretations.  The first is that the requirement is a power spectral density requirement.  This first interpretion would imply that the maximum output power for 5 MHz channels should be limited to 20 dBm.  The second interpretation is that the 10 MHz is the measurement bandwidth for which the transmitted power anywhere within should be limited to 23 dBm.  In this second interpretation, the maximum output power for a 5 MHz channel would still be 23 dBm since it is entirely contained within the 10 MHz measurement bandwidth.  We believe this second interpretation to be the correct one since PSD is explicitly specified separately; for the End User Device, the maximum PSD requirement happens to be N/A.  Therefore, the current definitions for UE class 3 maximum output power can be applied for this band.
2.1.3. Spectrum emission mask

The power of any emission outside the fundamental emission shall not exceed -13 dBm/MHz within 10 MHz of the channel edge, and shall not exceed -25 dBm/MHz beyond that.  Moreover, the FCC rules allow for a relaxation of reference bandwidth within the first MHz of the channel edge to 1% of channel bandwidth.  The channel edges are defined to be the upper and lower limits of any channel assigned by an SAS, or in the case of multiple contiguous channels, the upper and lower limits of the combined contiguous channels.  This emission requirement can be mapped to a spectrum emission mask.  Unlike other spectrum emission masks defined in 36.101, however, this mask is independent of the channel bandwidth.  In other words, the same mask applies for all channel bandwidths including aggregated channel bandwidths for continguous intra-band carrier aggregation.  If non-contiguous uplink carrier aggregation is to be defined for this band, it will need to be understood if and how this requirement in the gap between two component carriers.  For single CC transmission, however, a spectrum emission mask can be defined according to the requirement and applied by NS signaling.  Given these emission limits of -13 dBm and -25 dBm, for channel bandwidths larger than 10 MHz, it is envisioned that MPR or A-MPR will be required [3].
2.1.4. Spurious emissions

Additional protection is required such that the power of any emissions below 3530 MHz or above 3720 MHz shall not exceed -40 dBm/MHz.  This requirement can be mapped to additional spurious emission requirements in 36.101 for the UE.  Given this emission limit of -40 dBm/MHz at 20 MHz offset from the band edge, for channel bandwidths larger than 10 MHz, it is envisioned that A-MPR will be required [3].
2.2. Reuse of existing Band 42 and Band 43

The benefit of reusing Bands 42 and 43 is that the standardization work can be minimized and availability of specifications may be provided sooner to support the US 3.5 GHz spectrum.  Moreover, given that Band 42 and Band 43 have already been defined for Region 1 and Region3, and that deployments are already planned, there may also be a benefit of worldwide harmonization of the band if these two bands can also be adopted for the US.  To do so, we evaluate the necessary changes to the specifications from the UE RF perspective.  
1. Coexistence requirements to be updated.  Since Bands 42 and 43 were originally defined for Region 1 and Region 3, the coexistence table needs to be updated to include bands used in the US.

2. A new spectrum emission mask should be defined for Band 42 and 43, along with a new NS value.  A-MPR is also required to meet this emission mask for wider bandwidths.

3. A new additional spurious emission UE coexistence requirement should be defined for Band 42 and 43 to capture the -40 dBm/MHz requirement at 20 MHz offset from the band edge.  This should be required under NS and only applicable to carriers within 3550 – 3700 MHz.  A-MPR definition is also required.

4. Inter-band carrier aggregation between Band 42 and Band 43 should be defined.  A new work item is required for this effort.

One disadvantage of reusing Band 42 and Band 43 for the US spectrum is that neither of these bands by themselves are suitable to cover the entire 3550 – 3700 MHz frequency range.  Moreover, the FCC rules require that a device supporting this band support the entire frequency range.  Thus, for a device to support the US band, it must support both Band 42 and Band 43, as well as inter-band carrier aggregation between these two bands to be able to support a channel or aggregation of channels spanning both Band 42 and Band 43.  Specifically, carrier aggregation would be required to support a 10 MHz channel that straddles Band 42 and Band 43, for example, for a channel extending from 3595 MHz to 3605 MHz would require CA.  Compared to a single carrier supporting this 10 MHz channel, there is additional overhead associated with carrier aggregation.  The broadcast channels must be included on each channel, the process to establish connection is more complex since the UE must first connect to one carrier as PCC and then be enabled for the second carrier as SCC.  None of these additional complexities are required of other channels wholly contained within Band 42 or Band 43, nor would they be required if a new band would be defined for the 3550 – 3700 MHz range, instead of reusing Band 42 and Band 43.
2.3. New band definition

Defining a new band in 3GPP to support the 3550 – 3700 MHz spectrum in the US can be a more efficient technical solution.  A new band is not burdened with the overhead required for carrier aggregation, in particular to support a channel which straddles the boundary between Band 42 and Band 43.  Moreover, a new band more straightforwardly complies with the regulatory requirement that an End User Device supports the entirety of 3550 – 3700 MHz since that entire range would be included in a single band.  Carrier aggregation is simplified as well.  Aggregation of carriers within the band can be supported by contiguous and non-contiguous intra-band carrier aggregation and CA with other bands can be supported by inter-band CA.  A new band allows the possibility to consider a UE filter specifically designed to the reduced frequency range of 3550 – 3700 MHz rather than the broader frequency range required of Band 42 and 43.  In this way, it may be possible to provide some attenuation to adjacent channels if the filter is implemented with a suitable technology, i.e., F-BAR or BAW.  However, the use of a specific filter would diminish the harmonization potential of the band and lead to possible fragmentation with the 3.5 GHz ecosystem since such a filter will be more costly than what would be required to support Band 42 and Band 43.  Moreover, as explained in [3], the SEM requirements for which the filter would not assist would then dominate and those requirements would also require A-MPR for the UE to comply.
The disadvantages of new band definition are the additional work and time required in 3GPP for standardization and the fact that harmonization opportunity with Band 42 and Band 43 might be lost.  The additional time and work for reusing Band 42 and Band 43 compared to a new band may not be as significant as first imagined.  The significant portion of work required is to determine MPR and/or A-MPR to meet emission limits, but this is work that is common to both approaches.  Moreover, since the reuse of Band 42 and Band 43 require that a new work item be agreed inter-band carrier aggregation, both approaches are subjected to new work item proposals being presented and agreed at RAN meeting #69 in September.  The remaining concern is then with regard to the possibility of harmonization.
Harmonization means that the same band definition can be used globally.  It implies that the same device can support usage of the spectrum in multiple regions and that any device that supports the spectrum in one region also supports it in other regions.  While having a single common band defined in 3GPP can certainly facilitate harmonization, it is also possible to achieve some degree of harmonization with different band identifiiers by use of multiple frequency band indicators (MFBI).  From the UE implementation perspective, what is required as a minimum condition is that the same hardware configuration can be used for all bands to be harmonized so that if UE contains an RF front-end (PA, filters, etc) to support one band, it is the same RF front-end that can be used to support all of the bands to be harmonized.  For this particular case, it is therefore beneficial regardless of whether a new band is defined or if Band 42 and 43 are reused that the same RF front-end can be used to support all of these bands.  This means that the same PA, filter, diplexer/triplexer/quadplexer characteristics should be uniformly applied.  An example is that the out-of-band blocking recently modified for Band 42 should also apply to this new band to enable common hardware to be used for the sake of harmonization.  Another example is that TIB and RIB relaxations applicable for Band 42 should also be applicable to Band 43 and to this new band.  Unfortunately, this also implies that specific filters for 3550 – 3700 MHz with the expectation of adjacent channel attenuation would destroy the ability to harmonize.
3. Conclusion
This contribution presents a review of the current FCC rules for usage of 3.5 GHz spectrum in the US.  There are two possible approaches discussed on how to support this spectrum within the 3GPP specifications.  The first is to reuse and upgrade the existing Band 42 and 43 specifications to include applicability to the US.  This notably includes NS values and A-MPR tables as well as the introduction of inter-band carrier aggregation between the two bands.  The second approach is to define a new band.  Definition of a new band requires a work item in 3GPP and offers a potentially more efficient technical solution since it does not require carrier aggregation.
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